
CEA-Saclay
Frédéric Déliot

Special Session of the D0 Collaboration Week 
30-September-2011

A (Hi)Story Of The D0 Top Quark



The Beginning of the Story
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• 1984-1985
  - commissioning of the Tevatron   
  - first collisions at CDF in 1985
  - D0 was just a hole in the ground
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• towards Run I
  - 1987: Run 0 of CDF (0.4 pb-1)  
  - 1992-1996: Run I for CDF and D0 

(1.8 TeV, 120 pb-1)

1985

• the top quark before 1995
  - existence needed after the discovery of the b-quark in 1976 at Fermilab
  - direct searches:

1984: Petra (e+e-): Mt > 23.3 GeV
80s: Tristan (e+e-): Mt > 30.3 GeV
1988: UA1 (pp): Mt > 44 GeV
~ 1990: LEP (e+e-): Mt > 45.8 GeV
1990: UA2 (pp): Mt > 69 GeV
1992: CDF (pp): Mt > 91 GeV
1994: D0 (pp): Mt > 131 GeV

+ indirect constraints 
from the electroweak fit

-

-
-

-



The Discovery
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submitted to PRL on Feb 24th, 1995
  - D0: 50 pb-1 , 4.6 σ

Mt = 199 ± 30 GeV
σ ttbar = 6.4 ± 2.2 pb

 - CDF: 67 pb-1 , 4.8 σ

    Mt = 176 ± 13 GeV
    σ ttbar = 6.8+3.6-2.4 pb
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W + ≥4 jets events with b-tag

standard and loose selections



Top Discovery Seminar at Fermilab
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• March 2nd, 1995
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some of the D0 phD 
students in 1995
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1995

some of the D0 phD 
students in 1995



PDG on the Top Quark After the Discovery
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-
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PRD 54, 1 (1996)



And the Story Continues
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2001

• Run II begins in 2001
  - 1.96 TeV  
  - 2005: 230 pb-1 
    tt cross section measurements in the ljets channel (Mt = 175 GeV):
    without b-tagging:
 
    with b-tagging: 
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single tag

double tag

PLB 626, 45 (2005)

PLB 626, 35 (2005)

~ 20 %

-



Measurements in All Possible Channels
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dilepton: small rate, 
small background

PRD 84, 12008 (2011)

arXiv:1105.5384

PRD 82, 32002 (2010)

PRD 82, 71102 (2010)

l+jets: good rate, 
reasonable background

lepton+τ+jets: small rate, 

large background

τ+jets: small rate, large backgroundalljets: 
large rate, large background
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Top Pair Cross Sections at 1.96 TeV
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• in addition to the cross section
- cross section ratios (limit on t->H+b)
- fit the cross section together with R to extract Vtb:
 

arXiv:1106.5436
assuming CKM unitarity 

working on the CDF-D0 combination

2009



tt Cross Section Summary
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Measurements agree with the QCD predictions
Future measurements will focus on differential cross sections

Only Tevatron can measure them at 1.96 TeV

~ 6.5 %

~ 6.6 %
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systematically limited 

-



• predicted since the 80s

• allows to directly measure Vtb

• challenging to measure
- small cross section and background similar signature than signal
- not possible with counting only (uncertainty on the bkg larger than the signal):
  multivariate techniques

Electroweak Top Production at Hadron Colliders
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s-channel t-channel Wt-channel

Frédéric Déliot, EPS 2011, Grenoble, 25-JULY-2011



Another Top Discovery

14

• March 10th, 2009: Fermilab seminar announcing the single top discovery
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t-Channel Single Top Cross Section
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observation: 5.5 σ

      Atlas, 0.7 fb-1 prelim.

   

*combination of 3 
multivariate 
discriminants

• a step further: discriminate between the single top channels: 
- new physics can affect the single top channels differently 
- signal: t-channel, background (other single top, W+jets, tt):
  * Tevatron: multivariate (Neural Networks, Boosted Decision Trees, ...)
  * LHC: cut-based or multivariate

-
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Observation of the t-channel single top in 2011

arXiv:1105.2788



Single Top Perspectives at the Tevatron
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• s-channel
  - challenging at LHC  
  - legacy measurement of the Tevatron
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latest D0 measurement 
(5.4 fb-1, arXiv:1105.2788):
 expected sensitivity close to 3σ

with 10 fb-1, should get evidence 
maybe observation when combination with CDF ?
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• the top quark is the only natural quark:
- coupling to the Higgs boson close to 1: 
  special role in the electroweak symmetry breaking ?

• together with MW, predict the Higgs boson mass

Top Quark Mass

mt >> mb

LYukawa = −λtψLtΦψRt

λt ≈ 1 !!

• how to measure the top mass ?
- template method:
  * compare an observable in data with MC generated with 
different masses

  - ideogram method:
    * event likelihood computed as a convolution of a Gaussian resolution 
       function with a Breit-Wigner (signal)
  - matrix element method:
  * build an event probability based on the LO tt matrix element 
     using the full kinematics of the event

- for channel with at least one W decaying hadronically, can calibrate the jet 
energy scale (JES) constraining Mjj to MW

- need to calibrate the method to correct for any potential biases
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• mass extraction from the tt cross section
- using the experimental and theoretical cross sections vs mass 
(well defined renormalization scheme): method first used at D0 
to extract both the pole mass and the MS mass (PLB 703, 422 (2011))

-

_

-
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CDF March'07  2.7±     12.4  2.2)± 1.5 ±(

Tevatron combination *  0.9±     173.2  0.8)± 0.6 ±(
  syst)± stat  ±(

CDF-II MET+Jets *  2.6±     172.3  1.8)± 1.8 ±(

CDF-II track  9.4±     166.9  2.8)± 9.0 ±(

CDF-II alljets *  2.0±     172.5  1.4)± 1.4 ±(

CDF-I alljets 11.5±     186.0  5.7)±10.0 ±(

DØ-II lepton+jets  1.5±     174.9  1.2)± 0.8 ±(

CDF-II lepton+jets  1.2±     173.0  1.1)± 0.7 ±(

DØ-I lepton+jets  5.3±     180.1  3.9)± 3.6 ±(

CDF-I lepton+jets  7.3±     176.1  5.3)± 5.1 ±(

DØ-II dilepton  3.1±     174.0  2.5)± 1.8 ±(

CDF-II dilepton  3.7±     170.3  3.1)± 2.0 ±(

DØ-I dilepton 12.8±     168.4  3.6)±12.3 ±(

CDF-I dilepton 11.4±     167.4  4.9)±10.3 ±(

Mass of the Top Quark
(* preliminary)July 2011

/dof = 8.3/11 (68.5%)2!

Top Quark Mass Measurements
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• discovery:
   - lepton+jets: ±30 GeV (50 pb-1)

• first D0 Run II measurement:
  - lepton+jets: ±4.5 GeV (0.37 fb-1)

• latest D0 measurements:
  - lepton+jets (3.6 fb-1):
     mt = 174.94 ± 1.49 GeV
  - dilepton (5.4 fb-1):

mt = 174.0 ± 3.1 GeV

-

Frédéric Déliot, Special Session D0 Collaboration Week, 30-SEP-2011

see Zhenyu’s W&C seminar yesterday for all the details

PRD 84, 032004 (2011)

• new Tevatron combination (arXiv:1107.5255):
- uncertainty below 1 GeV for the first time
- all channels give consistent results
- still working on decreasing the systematic 
uncertainties

PRL 107,
 082004
 (2011)

arXiv:1107.5255
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Perspectives for Tevatron Top Mass Measurements
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• this is all about systematics
  - iJES scales with luminosity  
  - largest one: Signal modeling (ISR/FSR, color reconnection, hadronization, higher order effects)
    * remove double counting as much as possible
    * constraints from data

Frédéric Déliot, Special Session D0 Collaboration Week, 30-SEP-2011

• Tevatron final results
  - single experiment: 0.9 - 1.0 GeV 
  - D0-CDF combination: 0.7-0.8 GeV 
     challenging precision for LHC

arXiv:1107.5255
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20??



Searches in the Top Sector
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arXiv:1106.0902

• only a few examples
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PLB 682, 278 (2009)

MZ’ > 820 GeV

arXiv:1104.4522
Mt’ > 285 GeV

PLB 701, 313 (2011)
B(t→Zq) < 3.2% 

No sign of new physics so far



Top Pair Spin Correlations
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• measurement method:
- latest measurements use a new method based on matrix element: measure f, fraction of events 
with spin correlation using a template fit of R

PRL 107, 032001 (2011)

using ME with spin corr.
using ME without spin corr.

first evidence for tt spin correlation (3.1σ)

3S1

• in the SM, the spin of the top and of the antitop are produced correlated 
- correlation preserved in the decay products
- very sensitive observable to search for new physics

(f=0)

Frédéric Déliot, Special Session D0 Collaboration Week, 30-SEP-2011

ljets channel:

dilepton channel

-

1S0



Perspectives for Spin Correlation Measurements
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• at the Tevatron, still statistically limited
  - using the full dataset should at least improve the error by √2
  - possible analysis improvement 
    (c-tagging in the lepton+jets channel)
  - combination with CDF
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• complementary measurement at the LHC
  - mainly gg-> tt
  - ATLAS dilepton:  A=0.34+0.15-0.11 (helicity basis, ASM=0.32)
  - also ~ 3σsensitivity

ΔΦ = |Φl+-Φl-| 
(in the lab frame)

-
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D0 dilepton template
D0 dilepton ME
D0 lepton+jets ME
D0 combination/projection



Top-Antitop Charge Asymmetry
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∆y = yt − yt̄

forward-backward asymmetry central-forward asymmetry

positive asymmetry negative asymmetry

• At NLO, QCD predicts an asymmetry for tt produced via qq initial state 
- the top quark is predicted to be emitted preferably in the direction of the incoming quark 
- the exchange of new particles like Z’ or axigluon could modify it

- -

+

smaller at LHC since 
low qq fraction-
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Tevatron Top Charge Asymmetry Results
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• CDF measurements

• D0 ljets measurement 
- unfold the reconstructed distribution to correct for acceptance 
and detector effects

3.4 σ difference 

Statistically limited measurements, need better understanding of the predictions

ljets, PRD83, 112003 (2011) 

~ 2.4 σ

> 3 σ

Al
FB =

N(qlyl > 0)−N(qlyl < 0)

N(qlyl > 0) +N(qlyl < 0)
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Top Charge Asymmetry Perspectives

27

AC =
N(∆ > 0)−N(∆ < 0)

N(∆ > 0) +N(∆ < 0)
- Atlas:
 
- CMS: 

∆y = |yt|− |yt̄|

∆η = |ηt|− |ηt̄|

∆y2

= (yt − yt̄)(yt + yt̄)
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• LHC results 
- different observables
- not yet sensitive to a potentiel Tevatron excess 

• Tevatron perspectives 
- D0 dilepton result with 5.4 fb-1 soon in review : 
  √2 improvement
- combination with CDF: another √2
- we have to conclude on the effect with the full dataset:
  is it really new physics ?

see Tim’s talk yesterday for all the details

Currently no deviation from the predictions



PDG’10 on the Top Quark
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J.Phys. G37, 075021 (2010)
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PDG’10 on the Top Quark
J.Phys. G37, 075021 (2010)



Summary of theTevatron Top Quark Measurements
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Both the searches and the precise measurements of its properties tell us 
that currently the top quark is the Standard Model particle (asymmetry?)



Summary
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thanks to P. Grannis, C. Schwanenberger, Y. Peters
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• almost all what we know today about the top quark comes from the Tevatron
  - measurements in all possible final states  
  - precise measurements of numerous top properties 
  - pioneer searches and analysis techniques

• LHC is already producing very precise top 
measurements

  - much larger top cross sections  
  - higher reach for searches

• 10 fb-1 of pp colliding data from Tevatron 
will remain unique

  - 1.96 TeV, mainly qq->tt  
  - focus on complementary measurements to LHC

-

--



Back-up
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Top Pair Cross Sections at 7 TeV
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• LHC is also measuring the tt cross section:
  - ljets: most precise channel, measurements with or without b-tagging
  - measurements several different channels

CMS: μτCMS: alljets

Atlas: dilepton
Atlas: ljets
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-


